Summary.-We have studied 30 patients presenting with breast cancer and 36 control patients admitted to hospital for minor surgery. Stool specimens were obtained for bile acid analysis and bacterial nuclear dehydrogenation activity (NDC) estimation.
IT HAS BEEN RECOGNIZED for some time that endocrine factors may be involved in the initiation and promotion of human breast cancer. Ovariectomy, adrenalectomy and hypophysectomy have been used to curtail the growth of some breast tumours, while more recently oestrogenreceptor analysis has been used to identify tumours most likely to respond to hormonal manipulation (Beatson, 1896; Jensen et al., 1971; McGuire et al., 1975) . Oestrogen-dependent tumours have been described (Caldwell et al., 1971) and it is now well documented that oestrogens can stimulate the development of breast tumours once they have been induced (King, 1971) . There is also evidence to suggest that oestrogens may induce tumour cell proliferation (McMahon & Cole, 1969) but this remains open to question.
The incidence of breast cancer is high in North America and in North-West Europe and low in Africa, Asia and South America (Doll et al., 1970) . Epidemiological studies encompassing genetic factors, cultural factors, environmental factors and economic factors suggest that diet, in particular an increased intake of fat, correlates best with the incidence of breast cancer (Wynder, 1968) . In these respects the epidemiology of breast cancer closely resembles that of colorectal cancer (Drasar & Irving, 1973) . It is recognized that diet has a significant influence on the intestinal substrate, digestive enzymes and largebowel flora. Hill has postulated that biochemically active bacteria in the largebowel flora may degrade the colonic substrate thereby producing carcinogens or co-carcinogens (Hill et al., 1971a) . This hypothesis, originally formulated as a possible aetiology for colorectal cancer, has been modified by Hill to explain the epidemiological findings in breast cancer (Hill et al., 1971b) . Populations living on high-fat diets tend to have a faecal flora containing a higher proportion of metabolically active anaerobic bacteria capable of degrading the steroid nucleus (Hill & Aries, 1971) . These populations also excrete greater amounts of faecal bile acids (FBA) which may serve as a substrate for the metabolically active bacteria (Aries et al., 1969) . It has been demonstrated that oestradiol, oestrone and 17-methoxy-oes-tradiol can be produced in vitro from colonic substrate by intestinal bacteria, in particular Clostridium paraputrificum, an anaerobe which may exhibit nuclear dehydrogenation activity (Hill et al., 1971b) . It has therefore been postulated that a significant production of oestrogens in the large bowel may promote or even initiate the growth of breast cancer in humans. The aim of our study was to measure in Glasgow, the principal city in an area with a very high incidence of breast cancer, FBA concentration and the incidence of a metabolically active bacterium in the faeces of patients with breast cancer.
PATIENTS AND METHODS
Patients.-We have studied 30 patients with histologically confirmed breast cancer admitted to the Western Infirmary, Glasgow. All patients were admitted for investigation and management of a breast lump, and faecal samples were obtained from the first stool passed by each patient following admission to hospital. Thirty-six patients of both sexes with no evidence of malignancy or gastrointestinal disease were also studied as controls. These patients were admitted to hospital for minor surgery and faecal samples were obtained before general anaesthesia. About 0 5 g of faeces was placed in a bijoux bottle containing 4-5 ml of sterile transport medium which was then stored at -20°C to await bacteriological analysis. The remainder of the faecal sample was stored in a plastic container at -20°C to await biochemical analysis.
Twenty-eight patients in the study group were diagnosed as having breast cancer by the frozen-section technique carried out on a biopsy sample of the breast lump obtained under general anaesthesia. Twenty-seven patients then underwent simple mastectomy with sampling of the ipsilateral axillary nodes, whilst one 33-year-old woman underwent a reconstructive mastectomy at a later date. Two patients did not undergo mastectomy. Ovariectomy was performed in one of these, to treat widespread metastases diagnosed at the time of initial presentation, whilst the second was treated with deep X-ray therapy for a fungating breast lump which was not considered to be operable at the time of admission. In both these patients the diagnosis of breast cancer was confirmed histologically from needle biopsy samples of the breast lump performed under local analgesia.
Biochemical methods.-The method used for extracting bile acids from the faeces was based on the technique first described by Evrard & Janssen (1968) and modified by Hill & Aries (1971) . The faecal samples were weighed, homogenized with a known amount of water, and freeze-dried. Steroids were extracted with glacial acetic acid and toluene. After this the neutral steroids were removed with petroleum ether, and the bile acids extracted with chloroform. Sodium borohydride conversion was then carried out before re-extraction of the bile acids with ethyl acetate. Total FBA content was then estimated using the hydroxysteroid dehydragenase assay described by Iwata & Yamosaki (1964) and expressed as ,umol/g freezedried faeces.
Bacteriological methods. Clostridium paraputrificum (CPP) was isolated by plating out 6 10-fold dilutions of the thawed faecal suspension on to Willis and Hobbs Egg Yolk Agar. These plates were incubated in anaerobic jars at 37°C for 48 h. After incubation a plate containing 100 non-opalescent colonies was selected, and a minimum of 10 of these colonies were subcultured in Robertson's Cooked Meat Broth. After a further 48h anaerobic incubation at 37°C the subcultured colonies were Gram-stained to identify spore-forming Clostridia, and subcultured on to brain-heart infusion agar plates for a further 24h aerobic incubation at 37°C, to identify aerobic contaminants. Pure cultures of CPP were stored at 4°C to await testing for dehydrogenation activity. The ability of CPP to metabolize steroids was tested by incubating a culture in Todd Hewitt Broth containing the substrate 5/ androstan,3,17-dione. The presence of the unsaturated product zX4 androstene,3, 17-dione, estimated by thin-layer chromatography in chloroform and acetone, indicated a culture of biochemically active CPP commonly referred to as nuclear dehydrogenating Clostridia (NDC).
RESULTS
The 30 breast-cancer patients reported in this study are considered to be rep- (Drasar & Irving, 1973) . The demonstra-tion of significant in vitro oestrogen production from colonic substrate containing cholesterol and bile acids by metabolically active anaerobic gut bacteria such as NDC may in part explain the correlation between the two cancers. Significant oestrogen production in the large bowel may promote or even initiate the development of breast cancer, whilst other degradation products as yet unidentified may act as carcinogens or co-carcinogens to the colonic mucosa.
Studies of endogenous oestrogen levels in the urine or plasma of healthy women at risk of developing breast cancer due to family history or previous benign breast disease have failed to show a consistent relationship between oestrogen levels and the degree of risk (Hawkins, 1980) . Differences have been described, however, in the patterns of oestrogen excretion between races with a high risk of breast cancer and those with a low risk (McMahon et al., 1 973) . Recent studies in postmenopausal women with established breast cancer have found significant increases in both urinary oestrogen excretion and the biologically active fraction of oestradiol17f in the plasma (Morreal et al., 1979; Siiteri, 1979) . The normal endogenous productioni of oestradiol in the female is about 0 5 mg/day (Hellman et al., 1970) . A pure culture of NDC has been shown to produce an 80o yield of 17-methoxyoestradiol in vitro. Sinice healthv subjects living on a normal Western diet excrete on average 600 mg of acid and neutral steroids in their faeces per day it is clear that the contribution of the gut bacteria to oestrogen production could be highly significant (Hill et al., 1971b) .
The nature of the study necessitated the exclusion from both, study and control groups of patients with symptoms of gastrointestinal disease and patients who had received an antibiotic within I month of admission to hospital. All patients in the study had lived in the W;'est of Scotland during the 5 years before admission, and all stated that they were eating a normal diet with no medically advised or self-imposed restrictions. Males were included in the control group for this study of women with breast cancer, since analysis of the control group based on sex showed no statistically significant difference in mean age, FBA concentration or NDC isolation from the faeces. The observed differences between the control group and the study group remain statistically significant when data from the male control patients is excluded.
This study has shown that women with established breast cancer excrete significantly less FBA and have significantly more NDC in their faeces than control patients. Similar results have been obtained from a preoperative study of 37 patients with recently diagnosed colorectal cancer (Murray et al., 1980) . Reduced FBA excretion in patients with breast cancer and colorectal cancer may result from an increase in breakdown of a neutral or acid steroid-rich colonic substrate by some bacteria in the colon capable of metabolizing steroids. One such bacterium (NDC) has been shown to occur more frequently in the faeces of patients with breast cancer and colorectal cancer than in control subjects. Our findings in this study of patients with breast cancer make it less likely that the similar findings in our previous study of patients with colorectal cancer were simply due to the presence of an established tumour in the large bowel.
The search for carcinogenic or cocarcinogenic degradation products in the faeces of patients with colorectal cancer continues. The results of this study suggest that the significance of in vivo production of oestrogens in the colon merits evaluation. Further work in this field may lead to an explanation for the epidemiological correlation between breast cancer and colorectal cancer. 
